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(54) A rubber compound having improved reversion resistance 

(57) This invention relates to the discovery that the combination of a bismaleimide compound (I) and a bis benzo- 
thiazolyldithio end capped compound (II) provides for excellent vulcanization of rubbers and results in desirable rever- 
sion resistant rubbers properties. 
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The present invention relates to a rubber composition containing the combination of: 

(a) a bismaleimide and 

(b) a bis benzothiazolyldithio compound of the formula: 

ASSESS"— 

Detailed Description n f the Invention 

There is disclosed a sulfur vulcanizable rubber composition comprising: 

Se a the'rS; Se,eCted ^ ^ "** C ° nSiStinS ° f rubber ' a rubber derived *»" • monomer and mix- 
(b) from about 0.1 to about 10 phr of a bismaleimide compound of the general formula: 
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K ^Ln ,S t dlval6n ' and ' s * e,ected from *o group consisting of acyclic aliphatic groups having from about 2 to 
2^ PyC "° a ' ,Phat,C Br0yps h3Ving from 5 to 20 cart >°" atoms aromaticrouS hSa fmm 

S tl n Carb ° n i atomS - and ^'aromatic groups having from about 7 to 24 carbon atoms wheSn »S a" va 
gen or ^aS " ^ ^ °" N a ^ S: X is 0 or an integer of from 1 to 3 a" vTh^ t 

(c) from about 0.1 phr to about 10 phr of a bis benzothiazolyldithio compound of the general formula: 
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where R 1 is selected from the group consisting of alkylene radicals having from 1 to 20 carbon atoms, cycloalkylene 
radicals having from 6 to 24 carbon atoms and aryiene radicals having from 6 to 18 carbon atoms, alkarylene rad- 
icals having from 7 to 25 carbon atoms and divalent radicals of the formula: 



The bismaleimide is an essential component in the claimed invention. The bismaleimide is generally present in an 
is amount of from about 0.1 to 10 phr. Preferably, the bismaleimide is present in an amount ranging from about 0.5 to 
about 5 phr. 

Representative of the bismaleimides of formula I and which may be used in the present invention include N.N-eth- 
ylenebismaleimide, N.N'-hexamethylenebismaleimide, N,N'<Jodecamethylenebismaleimide, N ( N-(2,2.4-trimethylhex- 
amethylene)bismaleimide, N.N'-foxydipropyleneJbismaleimide, N,N'-(aminodipropylene)bismaleimide, N.N*- 

20 (ethylenedioxydipropylene)bismaleimide, N,N'(1 .4^yclohexylene)bismaleimide. N,N*-(1 ,3-cyclohexylene)bismaleim- 
ide. N,N'-(methylene-1 ,4-dicyc1ohexylene)bisma!eimide, N,N'-(isopropylidene-1 ,4-dicyclohexylene)bismaleimide f N.N'- 
(oxy-1 ,4-dicyclohexylene)bismaIeimide ( N,N'-(m-phenyiene)bismaleimide, N,N'-p-(phenylene)bismaleimide, N, N'-(o- 
phenylene)bismaleimide, N.N^I.S-naphthyleneJbismaleimide. N,NX1.4-naphthy!ene)bismaleimide, N,N*-(1 ,5-naphth- 
ylene)bismaleimide, N.N-CS.S'-dimethyl^^'-diphenyleneJbismaleimide. N,N , -(3,3-dichloro-4 f 4 , -biphenylene)bismaleim- 

25 ide. N, N'-(2,4-pyridyl)bismaleimide, N, NX2.6-pyridy9bismaleimide. N, N'-(m-tolylene)bismaIeimide, N. N'-(p- 
tolylene)bismaleimide, N.N'-(4,6-dimethyl-1 .3-phenylene)bismaleimide. N,N , -(2,3-dimethyl-1 ,4-phenylene)bisma!eim- 
ide. N.rvT-(4.6-dich!oro-1 ,3-phenylene)bismaleimide. N.N'-(5-chloro-1 ,3-phenylene)bismaleimide. N.N'-(5-hydroxy-1 .3- 
phenylene)bismaleimide. N.N'-fS-methoxy-I.S-phenyleneJbismaleimide. N,N-(m-xylylene)bismaleimide. N.N'-(p- 
xylylene)bismaleimide, N,N'-(methylenedi^-phenylene)bismaleimide, N,N-(isopropylidenedi-p-phenylene)bismaleim- 

30 ide. N.N'-foxydi-p-phenyleneJbismaleimide. N.N'-fthiodiiD-phenyleneJbismaleimide. N,N'-(dithiodi-p-pheny1ene)bis- 
maleimide, N.N^surfbdi-p-phenyleneJbismaleimide. N p N'-(carbonyldi-p-phenylene)bismaleimide, a.a-bis-(4- 
maleimidophenyi)-meta-diisopropylbenzene, a,a-bis-(4-p-phenylene) bismaleimide, N ( N^Cm-xyiyleneJbis-citraconim- 
ide and a,a-bis-(4-maleimidophenyl)-para-diisopropyIbenzene. The preferred bismaleimide is N,N'-(m-xylylene)bis-cit- 
raconimide. 

35 The other essential feature of the present invention is the presence of a bis benzothiazolyldithio compound of the 



wherein R 1 is selected from the group consisting of alkylene radicals having from 1 to 20 carbon atoms, cycloalkylene 
45 radicals having from 6 to 24 carbon atoms and aryiene radicals having from 6 to 18 carbon atoms, alkarylene radicals 
having from 7 to 25 carbon atoms and divalent radicals of the formula: 



so Preferably. R 1 is an alkylene radical having 6 carbon atoms. 

The bis benzothiazolyldithio compound is generally present in an amount ranging from about 0.1 to 10 phr. Prefer- 
ably such compound is present in an amount ranging from about 0.5 to 5 phr. 

Representative compounds of formula II include 1,1-bis(2-benzothiazolyld'rthio)methane; 1 ,2-bis(2-benzothia- 
zolyldithio)ethane; 1 ,3-bis(2-benzothiazolytdithio)propane; 1 ,4-bis(2-benzothiazolyldithio)butane; 1 ,6-bis(2-benzothia- 
55 zolytdrthio)hexane; 1,8-bis(2-benzothiazoIyldrthio)octane; 1,10-bis(2-benzothiazolyld*rthio)decane; 1 ,10-bis(2- 
benzothiazolyldithio)octadecane; 1 , 1 8-bis(2-benzothiazolyldrthio)octadecane; 2,2 , -bis(2-benzothiazolyldithio)oxydi- 
ethane; 2,2*-bis(2-benzothiazolyldithio)thiodiethane; 4.4'-bis(2-benzothiazolyldithio)oxydibutane; 1 .1 -bis(2-benzothia- 
zolyldrthio)-1,4-cyclohexanedimethane; 1 ( 4-bis(2-benzothiazolyldithio)benzene; a,a'-bis(2-benzothiazolyldithio)p- 



<R 1 *CHR 1 >. 



formula: 
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^!<?l\ 2 " bi | S f ben20thiaZOlyldithio)cyCl0hexane; •'•■'-bisCZ-benzothiazolyldithioJcyclohexane- 1 4-bis(2-benzothia- 

bis(2-benzothiazolyldithio)oxybisbenzene and mixtures thereof. uju.y.. B ny,. 

* r * J Xa T P ' e , S °!/ Ubl ?u rS for USe in the present invention inc,ude substituted and unsubstituted saturated and unsatu- 

^TE? H* Tiff POlymere - 71,6 na,Ural P0,ymere inc,ude natural rub °* in its various SmmTg pale « 

SJESS^ ' 1"? ba ' ata 9Ut,a P6rCha 71,6 Synthetic P°'y mers are from a Se monomer S 

TT* 8 Sin9,e m ° n0mer ( homo P° , y mer ) « a mixture of two or more ocpcJnSSLJZSSiS 

SLTnTu*^ ^ C ° mbined " the rand ° m diStribution or b,ock fo ™ The^nomer Tmay beTub 

stituted or unsubstituted and may possess one or more double bonds, conjugated and nonconiuaated dienes and 

pnl fv^! ^ ' ^P' 6 " 6, chlor °P rene ' 2-ethyl-i.3-butadiene. 2.3-dimethyl-1.3-butadieneandpiperyl- 

ene. Examples of nonconjugated dienes are 1 .4-pentadiene, 1.4-hexadiene. 1.5-hexadiene dicyclorlemad^ 1 5- 

22S' , ; an V nd "TV nort50rnene - Examples ° f «** monoolefins are ethylene propS VSS so- 
birtylene. 1-pentene and 1-hexene. Examples of cyclic monoolefins are cycloperrtene. cyclohexene cydohSene 
is cydooctene and I ^methyi-cyckx^ctene. Examp.es of *nyl monomers are styrene. aaylon^ a^Tc SfKE 

are alpha methylene, methacryltc aod, methyl methacrylate, itaconic acid, ethyl methacrylate, glycidyl methacrylate 
StS? J° nde - r e P fesentative «■"*■• of the synthetic po.ymers usad in the practice S EJElS 

SS^^^T 0 ^- of a conjU9ated 1,3<,iene such as isoprene and «* in pSSTSS 

p enes and pdvbutad.enes havmg essentially all of their repeat units combined in a cis-1,4-structure; and copdyme* 
of a conjugated 1 .3-d.ene such as isoprene and butadiene with up to 50 percent by weigW of at least one^lleriz 
awe monomer mdudjng ethylenically unsaturated monomers such as styrene or acrylLrile; «ib^S?3S. 
.sapolymer.zat.on product ofamajor proportion of a monoolefin and a minor proportioned!^ 
or .soprene. The rubber may be emulsion polymerized or solution polymerized butadiene 

As known to one skilled in the art, in order to cure a rubber stock, one needs to have a sulfur vulcanizino aaent 
Examp es of suitable sulfur vulcanizing agents indude elemental sulfur (free sulfur) or !1S!^1S^SSR 

aSi^fmS* "I diSUm& ' P 0 '^ 6 ° r SU,,ur olefin adducte »■«««* the Sr SSSJ 

agent is elemental sulfur. The amount of sulfur vulcanizing agent will vary depending on the components of theTubbS 
stock and the particular type of sulfur vulcanizing agent that is used. The sutfur vulcanizing agenTfe generaj presert 

Conventional rubber additives may be incorporated in the rubber stock of the present invention The additives com- 
r Ubb /T •**» indUde ,i,,e,S ' pl3StiCi2erS - ^ P rocessi "9 oils, retarders, iSnSTt!SSS. 
S ?L? ^ am ° Unt ° f f i,l6r "*» be used W^about30toaboul1»phrwi^rWe^K 

and carbon black. Representatives carbon blacks that are commonly used in rubber stocks include N110 niS iSn 

™ SJ "'A 2 .' N293> N2 "' N33 °- N326 ' N330 ' N332 ' N339 - N343 ' N347 ' N472 N*o ££' 

N762. N765 and N990. Plasticizers are conventionally used in amounts amounts ranging from about 2 to aSS 

Sed 2E2 ^ t "I" 9 PreferTed - 71,6 ° f P,aStiCi2er US ^ - ^pend upon tfeToSg 

l^J^l , y u ! U,table p,astlcizers inc,ude ar °^tic extract oils, petroleum softeners including 
asphaltenes pentachlorophenol. saturated and unsaturated hydrocarbons and nitrogen bases, coal tar ££S 
cumarone-indene resins and esters such as dibutylphthalate and tricresol phosphate^ommon waxes wh cJ Z ^ 
TSr "£2;? Z C ^ ^ microcr ^ alline Such waxes are use? ^ amounts ranging from So^ 

3 phr. Materials used in compounding which function as an accelerator-activator includes metal oxides such as zin^ 

°T 3 T eS ' Um °*' de " Wch are US6d in COnjunction acidic materia| s such as fatty aad. SiSI Z2Z 
acd, o.e,c acd. murast.c acid, and the like. The amount of the metal oxide may range from about i to atouTu pS S 

1 rf!^ 2 10 * 0UI 8 Phr b6in9 Pr6ferred - ^ amount 01 fattv acid w ^h may be us^ may ange fr^m 
about 0 phr to about 5.0 phr with a range of from about 0 phr to about 2 phr being preferred 

tte SStSS^T* 10 C °T^ the * ime and/ ° r ,emperature "V™* ^ vulcanization and to improve the proper- 
ty of the yulcan zate. In one embodiment, a single accelerator system may be used; i.e.. primary accelerator Theori- 
mary acce erator(s)m ay be used in total amounts ranging from about 0.5 to about A.pn^SZSS^ST^iro 
phr In another embodiment, combinations of a primary and a secondary accelerator might be used 
accelerator be.ng used m a smaller, equal or greater amount to the primary accelerator Combination^ ; oVtheSaS 
erators m.ght be expected to produce a synergistic effect on the final properties and are wcnmSS^S^SSL 
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produced by use f either accelerator alone. In addition, delayed action accelerators may be used which are not 
affected by normal processing temperatures but produce a satisfactory cure at ordinary vulcanization temperatures. 
Vulcanization retarders might also be used. Suitable types of accelerators that may be used in the present invention are 
amines, disulfides, guanidines, thioureas, thiazoles, thiurams, sulfanamides, dithiocarbamates and xanthates. Prefera- 

5 bly, the primary accelerator is a sulfenamide. If a second accelerator is used, the secondary accelerator is preferably a 
guanidine, dithiocarbamate or thiuram compound. 

The rubber compounds of the present invention may also contain a cure activator. A representative cure activator 
is methyl trialkyl (C 8 -C 10 ) ammonium chloride commercially available under the trademark Adogen® 464 from Sherex 
Chemical Company of Dublin, Ohio. The amount of activator may be used in a range of from 0.05 to 5 phr. 

10 The terms "non-productive" and "productive" mix stages are well known to those having skill in the rubber mixing 
art. 

Siliceous pigments may be used in the rubber compound applications of the present invention, including pyrogenic 
and precipitated siliceous pigments (silica), although precipitate silicas are preferred. The siliceous pigments preferably 
employed in this invention are precipitated silicas such as, for example, those obtained by the acidification of a soluble 

is silicate, e.g.. sodium silicate. Such silicas might be characterized, for example, by having a BET surface area, as meas- 
ured using nitrogen gas. preferably in the range of about 40 to about 600, and more usually in a range of about 50 to 
about 300 square meters per gram. The BET method of measuring surface area is described in the Journal of the 
American Chemical Society. Volume 60, page 304 (1930). The silica may also be typically characterized by having a 
dibutylphthalate (DBP) absorption value in a range of about 1 00 to about 400, and more usually about 1 50 to about 300. 

20 The silica might be expected to have an average ultimate particle size, for example, in the range of 0.01 to 0.05 micron 
as determined by the electron microscope, although the silica particles may be even smaller, or possibly larger, in size. 
Various commercially available silicas may be considered for use in this invention such as, only for example herein, and 
without limitation, silicas commercially available from PPG Industries under the Hi-Sil trademark with designations 210. 
243. etc; silicas available from Rhone-Poulenc. with, for example, designations of 21165MP and 2165GR and silicas 

25 available from Degussa AG with, for example, designations VN2 and VN3, etc. The PPG Hi-Sil silicas are currently pre- 
ferred. 

A class of compounding materials known as scorch retarders are commonly used. Phthalic anhydride, salicylic 
acid, sodium acetate and N-cyclohexyl thiophthalimide are known retarders. Retarders are generally used in an amount 
ranging from about 0.1 to 0.5 phr. 

30 In-situ resins may be formed in the rubber stock and involve the reaction of cashew nut oil modified novolak-type 
phenolic resin and a methylene donor. The term "methylene donor" is intended to mean a compound capable of react- 
ing with the cashew nut oil modified novolak-type phenolic resin and generate the resin in-situ. Examples of methylene 
donors which are suitable for use in the present invention include hexamethylenetetramine, hexaethoxymethylmela- 
mine, hexamethoxymethylmelamine, lauryloxymethylpyridinium chloride, ethoxymethylpyridinium chloride, trioxan hex- 

35 amethoxymethylmelamine, the hydroxy groups of which may be esterified or partly esterified, and polymers of 
formaldehyde such as paraformaldehyde. In addition, the methylene donors may be N-substituted oxymethylmela- 
mines, of the general formula: 



40 




50 

wherein X is an alkyl having from 1 to 8 carbon atoms. R 2 R 3 , R 4 . R 5 and R 6 are individually selected from the group 
consisting of hydrogen, an alkyl having from 1 to 8 carbon atoms, the group -CH 2 OX or their condensation products. 
Specific methylene donors include hexakis-(methoxymethyl)melamine. N.N'.N^trimethyl/N.N'.N'-trimethylolmelamine. 
hexamethylolmelamine. N,N'.N"-dimethylolmelamine. N-methylolmelamine, N.N'-dimethylolmelamine, N.N'.N"- 
55 tris(methoxymethyl)meIamine and N ( N , N"-tributyl-N.N'.N"-trimethylol-melamine. The N-methylol derivatives of mela- 
mine are prepared by known methods. 

The amount of methylene donor that is present in the rubber stock may vary. Typically, the amount of methylene 
donor that is present will range from about 0.1 phr to 10.0 phr. Preferably, the amount of methylene donor ranges from 
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about 2.0 phr to 5.0 phr. 

Conventionally, antioxidants and sometimes antiozonants, hereinafter referred to as antidegradants, are added to 
rubber stocks. Representative antidegradants include monophenols, bisphenols, thiobisphenols, polyphenols, hydro- 
quinone derivatives, phosphites, thioesters, naphthyi amines, diphenyl-p-phenylenediamines. diphenylamines and 
5 other diaryl amine derivatives, para-phenylenediamines, quinolines and mixtures thereof. Specific examples of such 
antidegradants are disclosed in The Vanderbilt Rubber Handbook (1990), pages 282-286. Antidegradants are generally 
used in amounts from about 0.25 to about 5.0 phr with a range of from about 1 .0 to about 3.0 phr being preferred. 

The sulfur vulcanizable rubber compound is cured at a temperature ranging from about 1 25°C to 1 80°C. Preferably, 
the temperature ranges from about 135°C to 160°C. 
10 The mixing of the rubber compound can be accomplished by methods known to those having skill in the rubber mix- 
ing art. For example, the ingredients are typically mixed in at least two stages, namely at least one non-productive stage 
followed by a productive mix stage. The final curatives are typically mixed in the final stage which is conventionally 
called the "productive" mix stage in which the mixing typically occurs at a temperature, or ultimate temperature, lower 
than the mix temperature(s) than the preceding non-productive mix stage(s). The terms "non-productive" and "produc- 
es tive" mix stages are well known to those having skill in the rubber mixing art. 

The rubber composition of this invention can be used for various purposes. For example, the rubber compounds 
may be in the form of a tire, hose, belt or shoe sole. Preferably, the n±>ber compound is used for various tire compounds. 
Such pneumatic tires can be built, shaped, molded and cured by various methods which are known and will be readily 
apparent to those having skill in such art. Preferably, the rubber composition is used as a wire coat, bead coat, ply coat 
20 and tread. As can be appreciated, the tire may be a passenger tire, aircraft tire, truck tire, earthmover, agricultural and 
the like. 

The present invention may be better understood by reference to the following examples in which the parts or per- 
centages are by weight unless otherwise indicated. 



25 Example 1 

The rubber stock was prepared in a two-stage non-productive and one-stage productive Banbury mix procedure. 
All ingredients are listed in Table I. All parts and percentages are by weight unless otherwise noted. 

Cure properties were determined using a Monsanto oscillating disc rheometer which was operated at a tempera- 
30 ture of 150°C and 100 cycles per minute. A description of oscillating disc rheometers can be found in the Vanderbilt 
Rubber Handbook edited by Robert O. Ohm (Norwalk. Conn., R. T. Vanderbilt Company. Inc., 1990), pages 554-557. 
The use of this cure meter and standardized values read from the curve are specified in ASTM D-2084. A typical cure 
curve obtained on an oscillating disc rheometer is shown on page 555 of the 1990 edition of the Vanderbilt Rubber 
Handbook. 

35 In such an oscillating disc rheometer, compounded rubber samples are subjected to an oscillating shearing action 
of constant amplitude. The toque of the oscillating disc embedded in the stock that is being tested that is required to 
oscillate the rotor at the vulcanization temperature is measured. The values obtained using this cure test are very sig- 
nificant since changes in the rubber or the compounding recipe are very readily detected. 

Cure reversion measured using a rheometer can be defined as the incremental time required for a fixed decrease 

40 in torque from the maximum value, expressed here for example as M H f -1 Point (time for the torque to decrease 1 .0 unit 
or point below the maximum value M H f Torque). Such cure reversion measurements are defined by G. M. Bristow (NR 
Technology. 17 (1) 7, 1986). 

The following Tables II and III report cure properties that were obtained for the rubber stocks that were prepared. 
These properties include a minutes to 25 percent of the torque increase (t25), minutes to 90 percent of the torque 

45 increase (t90). Table III reports the vulcanizate properties for the rubber stocks cured for 20 minutes at 150°C. 90 min- 
utes at 150°C, 6 minutes at 1 70°C and 28 minutes at 1 70°C. 

Thus, examination of Table II shows the reversion-resistant behavior at 150°C and 170°C tor Perkalink® 900 and 
BBDTH (Sample 2) used in combination, BBDTH used alone (Control Sample 3) and Perkalink® 900 used alone (Con- 
trol Samples 4 and 5). versus Control Sample 1 which has no anti-reversion agents added to the compound formulation 

so of Table I. When examining Table II, rt is clear that Perkalink® 900 and BBDTH (Sample 2) used in combination provided 
excellent reversion-resistant behavior when compared to Control Sample 1 which had no anti-reversion agents added 
to the compound formulation of Table I and was. surprisingly, superior to BBDTH used alone (Control Sample 3) and 
Perkalink® 900 used alone (Control Samples 4 and 5). Thus, at the 150°C cure temperature. Control Sample 1 had 
reverted -1 pt in 7 minutes, while Perkalink® 900 and BBDTH (Sample 2) used in combination reverted -1 pt in 97 min- 

55 utes. BBDTH used alone (Control Sample 3) and Perkalink® 900 used alone (Control Samples 4 and 5) likewise had 
significantly more reversion versus Sample 2, -1 pt in 30 minutes, -1 pt in 10 minutes and -1 pt in 1 2.5, respectively, ver- 
sus -1 pt in 97 minutes for Sample 2 of this invention. A synergistic improvement in reversion resistance is, surprisingly, 
noted with this combination. At the higher cure temperature of 170°C. Control Sample 1 had reverted -5 pts in 6 min- 
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utes. while Perkalink® 900 and BBDTH (Sample 2) used in combination had reverted -5 pts in 64 minutes showing a 
significant improvement in the rate of reversion. BBDTH used alone (Control Sample 3) and Perkalink® 900 used alone 
(Control Samples 4 and 5) had significantly greater reversion rates versus the Perkalink® 900/BBDTH combination 
(Sample 2) of this invention, -5 pts in 15 minutes, -5 pts in 8 minutes and -5 pts in 13 minutes, respectively, versus -5 
pts in 64 minutes for Sample 2. Again, at the higher cure temperature of 170°C, a synergistic improvement in reversion 
resistance was surprisingly noted with this combination. 



Table I 

Control Sample 1 I Sample 2 I Control Sample 3 I Control Sample 4 I Control Sample 5 



1st Non-Productive 


Natural Rubber 


100 


100 


100 


100 


100 


Processing Oil 


5 


5 


5 


5 


5 


Carbon Black 
(N299) 


30 


30 


30 


30 


30 


2nd Non-Productive 


Carbon Black 
(N299) 


10 


10 


10 


10 


10 


Stearic Acid 


2 


2 


2 


2 


2 


Zinc Oxide 


3 


3 


3 


3 


3 


Productive 


PVI 1 


0.1 


0.1 


0.1 


0.1 


0.1 


Antioxidant 2 


0.75 


0.75 


0.75 


0.75 


0.75 


Sulfur 


2.25 


2.25 


2.25 


2.25 


2.25 


CBS 3 


1 


1 


1 


1 


1 


Perkalink® 900 4 


0 


1 


0 


1 


2 


BBDTH 5 


0 


3.69 


3.69 


0 


0 



15 



20 



25 



30 



35 



40 



1 N-cyclohexytthtophthalimide prevulcanization inhibitor 

2 Mixed aryl-p-phenylenediamines 

3 N-cyclohexy! benzothiazole-2-su!fenamide 

4 N ,N*-(n^xyly tene)bts-citraconimide 

5 BBDTH = 1 ,6-bfe-(2-benzothiazolyUithio)hexane 



45 



50 



55 
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Table II 





| Control Sample 1 


Sample 2 


Control Sample 3 | Control Sample 4 


Control Sample 5 


5 


Rheometer@ 150°C 




M H f Torque Units 
(dNm) 


40 


45 


47 


38.5 


37.5 


10 


M L Torque Units 
(dNm) 


6 


5 


6 


5.5 


5.5 




Mhf"Ml Torque 
Units (dNm) 


34 


40 


41 


33 


32 


15 


Time to M HF 
Torque Units, min 


20 


23 


20 


20 


18.5 




Time to 1 PT 
Rise, min 


6 


3.5 


3.8 


6 
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20 


Cure Time, t25, 
min 


8 


5 


5.2 


8.2 


8 




Cure Time, t90. 
min 


12.5 


8 


8.2 


12.5 


12 


25 


Reversion (time to drop designated points below maximum torque M H( r) 


M HF -1 Point 


7 


97 


30 


10 


12.5 




M HF -2 Points 


14 


none 


44 


18 


31.5 




Rheometer@ 170°C 


30 


M HF Torque Units 
(dNm) 


39 


45 


46 


37 


36.5 




M L Torque Units 
(dNm) 


5 


5 


5 


5 


4.5 


35 


M hf -Ml Torque 
Units (dNm) 


34 


40 


41 


32 


32 


40 


Time to M HF 
Torque Units, 
(min) 
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6 
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6 
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t25. (min) 


3 


2.5 


2.5 


3 


3 




t90, (min) 


4.2 


3.5 
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4.5 


4.5 




Reversion (time to drop designated points below maximum torque M HF ) 


45 


M HF -1 Point 


1.5 


4 
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2 


1.5 




M HF -2 Points 


2.5 


9 


7 


3 


3 




M HF -3 Points 


3.5 


14 


9 
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4.5 


50 


M HF -4 Points 


5 


25 


12 


6 


6.5 


M HF -5 Points 


6 


64 


15 


8 


13 
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55 The importance of heat rise is recognized in the article "Internal Temperature Distribution in a Rolling Tire/ Tire Sci: 
ence and Technology. Volume 23. No. 1, pages 11-15 (1995) wherein it is stated that sometimes a significant tempera- 
ture rise in a rolling tire destroys the tire in a short time. Likewise, the article "Heat Generation in Elastomer 
Compounds: Causes and Effects." Rubber Chem istry and Technology. Volume 64. No. 3, pages 481-492 (1991) dis- 
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cusses the degradation effects heat rise can have on ultimate physical properties. Accordingly, there is a need in the 
art for vulcanizates which exhibit low heat rise properties. From the results of Table III, it is clear that the Perkalink® 
900/BBDTH combination of the current invention (Sample 2) gave the lowest heat rise to the final vulcanizate versus 
Controls 1,3,4 and 5. This reduction in heat rise thus contributed to the better overall retention of final vulcanizate prop- 
erties observed. 

Claims 

1 . A rubber compound having improved reversion resistance characterized by: 

(a) a rubber selected from the group consisting of natural rubber, a rubber derived from a diene monomer and 
mixtures thereof, 

(b) from about .1 to about 10 phr of a bismaleimide compound of the general formula: 

8 ?, «> 

Y — C — C C — C — Y 

CH 2 -HR— <-CH 2 -*xN ^ 

HC— C ^C— CH 

" II 
O O 



30 



35 




wherein R is a divalent acyclic aliphatic group having from about 2 to 16 carbon atoms, cyclic aliphatic group 
25 having from about 5 to 20 carbon atoms, aromatic group having from about 6 to 18 carbon atoms, or alkylaro- 

matic group having from about 7 to 24 carbon atoms, wherein these divalent groups may contain a hetero atom 
selected from O. N and S; X is 0 or an integer of from 1 to 3 and Y is hydrogen or -CH3; and 
(c) from about .1 phr to about 10 phr of a compound of the general formula: 



a>'-'--C30 



II 



where R 1 is selected from the group consisting of alkylene radicals having from 1 to 20 carbon atoms, 
cycloalkylene radicals having from 6 to 24 carbon atoms and arylene radicals having from 6 to 18 carbon 
atoms, alkarylene radicals having from 7 to 25 carbon atoms and divalent radicals of the formula: 

40 4R 1 KHR 1 *- 

2. The rubber compound of claim 1 characterized in that said rubber derived from a diene monomer is selected from 
the group consisting of natural rubber, synthetic cis-1 ,4-polyisoprene, polybutadiene, polychloroprene, copolymers 
of isoprene and butadiene, copolymers of acrylonitrile and butadiene, copolymers of acrylonrtrile and isoprene, 

45 copolymers of styrene, butadiene and isoprene, copolymers of styrene and butadiene and blends thereof. 

3. The rubber compound of claim 1 characterized in that said bismaleimide is selected from the group consisting of 
N.N'-ethylenebismaleimide, N,N*-hexamethylenebismaleimide f N.N'-(m-phenyiene) bismaleimide, N,N'-(p-phe- 
nylene)bismaleimide, N.N'-fp-tolylene^ismaleimide, N f N'-(methylenedi-p-phenylene)-bismaleimide, N,r>T-(oxydi-p- 

50 phenylenejbismaleimide, a f a-bis-(4-phenylene)bismaleimide, N.N'-fm-xylyleneJbis-dtraconimide and a,a-bis-(4- 
maleimidophenyl)-meta-diisopropylbenzene. 

4. The rubber compound of claim 1 characterized in that said compound of formula II is selected from the group con- 
sisting of 1 .1 -bis(2-benzothiazoiyIdithio)methane: 1 ,2-bis(2-benzothiazolyldithio) ethane; 1 ,3-bis(2-benzothia- 

55 zolyldithio)propane; 1 ,4-bis(2-benzothiazolyldithio)butane; 1 ,6-bis(2-benzothiazolyldrthio)hexane; 1 ,8-bis(2- 
benzothiazolyldithio)octane; 1 ,10-bis(2-benzothiazolyldithio)decane; 1 ,10-bis(2-benzothiazolyldithio)octadecane; 
1 , 1 8-bis(2-benzothiazolyldithio)octadecane; 2,2 , -bis(2-benzothiazolyldithio)oxydiethane; 2,2'-bis(2-benzothia- 
zolyldithio)thiodiethane; 4,4 f -bis(2-benzothiazolyldithio)oxydibutane; 1 , 1 -bis(2-benzothiazolyldithio)-1 ,4-cyclohex- 
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anedimethane; 1 ,4-bis(2-benzothiazoly!dithio)benzene; a.a , -bis(2-benzo1hiazolyldithio)p-xyIene; 1 ,2-bis(2- 
benzothiazo1yldithio)cyclohexane; 1 ,1 -bis(2-benzothiazolyldithio)cyclohexane; 1 ,4-bis(2-benzothia- 

zoly!dithio)cydohexane; 1 .4-bis(2-benzothiazolyldithio)naphthalene; 4,4 , -bis(2-benzothiazoiyldithio)biphenyl; 4.4'- 
bis(2-benzothiazolyldithio)oxybisbenzene and mixtures thereof. 

5 

5. The rubber compound of claim 1 characterized in that from 0.5 to 5 phr of the bismaleimide compound is present 

6. The rubber compound of claim 1 characterized in that from 0.5 to 5 phr of the compound of formula II is present 
io 7. The rubber compound of claim 1 characterized by being in the form of a tire, hose, belt or shoe sole. 

8. The rubber compound of claim 7 characterized in that said rubber compound is in the form of a tire. 

9. The rubber compound of claim 8 characterized in that said rubber compound is used in a component of said tire 
75 selected from the group consisting of wire coat, bead coat, ply coat and tread. 

1 0. The rubber compound of claim 8 characterized in that said tire is selected from the group consisting of a passenger 
tire, aircraft tire, truck tire, earthmover and agricultural tire. 
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